Abstract
GAC layer is predicted to be as effective to reduce organic-contaminant transport as a 1-to 32 3-meter thick sand layer. Performances of GAC and OC were similar under both diffusion and 33 advection due to their low observed diffusivity coefficients. As expected, low molecular weight 34 compounds (e.g. monoaromatics and naphthalene) present a higher potential release risk. In 35 contrast, pyrene, hexachlorobiphenyl and tetradecane do not present toxicity concerns at the 95% 36 confidence level after 100 years under diffusion and/or advection (except in AP/sand 37 configurations). Lower acute toxicity contaminants like benzene and dichlorobiphenyl are 38 predicted to behave similarly for most media under advection, with partial breakthrough within 39 100-years. Performance uncertainty is substantially lower for organic-contaminant transport 40 simulations compared to those in a previous metal-contaminant transport study. The relative 41 GAC and OC effectiveness increases with increasing contaminant hydrophobicity. This behavior
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Organic pollutant contamination in sediments and groundwater is a globally wide-spread 47 environmental management issue (Crane 2017; Song et al. 2017; Wang and Wang 2018; Wu et al. 48 2017). Organic compounds like benzene, toluene, ethylbenzene, and xylene (BTEXs), polycyclic 49 aromatic hydrocarbons (PAHs), and polychlorinated biphenyls (PCBs) are found in many 50 contaminated sites, more frequently than metal contamination (Mustajärvi et al. 2017; Zhao et al. 51 2007). Dredging has been applied to manage contaminated sediments for years; however, the 52 high cost and potential for residual contamination left behind have led to interest in reactive 53 capping technology as an alternative sediment remediation technology for in situ containment 54 and treatment due to the great potential for energy and cost savings (Choi et al. 2016; Lofrano et 55 al. 2017; Palermo et al. 1998; Zhang et al. 2017) . Reactive capping seeks to improve upon 56 conventional capping technology by employing thinner caps able to provide chemical isolation 57 without noticeably changing the local hydrology (Hyun et al. 2005) . The treatment effectiveness 58 of reactive caps, however, is dependent on site-specific factors such as sediment topography, 59 water flow, chemistry, and biology (Palermo 1999; Zhang et al. 2016) . Thus, site characterization 60 is necessary to ascertain capping effectiveness. Although reactive capping has been applied at 61 numerous sites (ITRC 2014; USEPA 2005) , quantitative uncertainty in predicting cap 62 performance and the relative applicability of the many proposed reactive capping materials keep 63 this technology from being adopted more widely. The use of modeling allowed us to evaluate a wider variety of reactive media and contaminants 84 than typically evaluated at either laboratory or field scale (Hill et al. 2007; Meshgi et al. 2014) . 85 However, accurate modeling necessitates an acknowledgement of the uncertainty in parameter 86 estimation and understanding the sensitivity of model output to parameter variability to quantify 87 the range of likely outcomes. One such tool to achieve this is Monte Carlo simulation. Monte
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Carlo analysis is a computer-based method that uses statistical sampling techniques to obtain a 89 probabilistic approximation to the solution of a mathematical equation or model (Bieda 2013; 90 Firestone et al. 1997) . In the simulations presented here, we obtained values from the literature 91 and applied the Monte Carlo method to assign random variables within the reported range to The first objective of this paper was to compile model parameter data for a range of reactive media 95 and for a range of contaminants from the literature. We then modeled the transport of benzene, 96 toluene, ethylbenzene, naphthalene, phenanthrene, pyrene, dichlorobiphenyl, tetrachlorobiphenyl, 97 hexachlorobiphenyl, octane, dodecane, and tetradecane through sand, ST 
Where Ct is the ratio C/Co determined by equations 1 or 2 at time t, multiplied by the boundary 129 concentration Co. The bracketed term in the denominator is the unitless retardation factor Table 1. 132 Table 1 133
The specific transport parameters porosity, tortuosity, density, and hydraulic conductivity for the 134 five reactive media are described in our previous published work (Viana et al. 2008 ) and 135 references therein ( (Tables 1 and 2 ) were used to obtain the corresponding Koc value. Generally, Koc data are more 144 narrowly confined than foc data (Tables 1 and 2) , and the data for both were assumed to follow a 145 normal distribution (truncated at zero for low foc sand and AP). , the second (exponential erfc) part of equation (2) Tetradecane 1.00E+00 3.5E-05 4.6E-06 3.0E-06 6.3E-05 4.0E-06 3.9E+03 1.1E-01 3.5E+02 3.6E+01 2.3E-01 Note: all x generated with parameter values from tables 1 and 2 with equations 1 and 2. The grey areas represent thickness less than 10 cm. 1.E-05
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